Most studies on similar coexisting species enumerate ecological differences which presumably reduce the demand for common resources and allow coexistence (MacArthur 1958, Root 1967, Stallcup 1968 In another study (Williams and Batzli 1979b), we followed a natural experiment in which the dominant member of the guild (Redheaded Woodpecker) was absent during one winter but present in the next. When these woodpeckers occupied our upland study areas during winter, Red-bellied Woodpeckers used lowland areas where Red-headed Woodpeckers were much less abundant. When Red-headed Woodpeckers vacated our upland study areas during one winter because of a mast failure, Red-bellied Woodpeckers freely foraged over our entire upland study site. Similarly, in winters with Red-headed Woodpeckers present, we found Downy Woodpeckers foraging low in the canopy, but in winters when Red-headed Woodpeckers were absent, Downy Woodpeckers tended to forage higher. Here we report the results of a controlled experiment designed to test the following hypotheses generated from these earlier studies: ( 1) The aggressive actions of Red-headed Woodpeckers prevent Red-bellied Woodpeckers from using upland habitat during the winter. (2) Red-headed Woodpeckers constrain Downy Woodpeckers to forage lower in the canopy in upland areas. (3) Redheaded Woodpeckers also prevent Whitebreasted Nuthatches from using some upland habitat.
Most studies on similar coexisting species enumerate ecological differences which presumably reduce the demand for common resources and allow coexistence (MacArthur 1958 , Root 1967 , Stallcup 1968 . As Schoener (1974) pointed out, however, these differences alone do not demonstrate the role of competition in structuring avian communities. Even if niches were arranged randomly with respect to one another, differences would exist. Observational studies can reveal very little about how avian species influence one another except when direct aggressive interactions are observed. Experimental evidence is needed to more fully understand community organization as suggested by Reynoldson and Bellamy ( 1974) , Colwell and Fuentes (1975) and Connell ( 1975) . Thus, observation is useful as a first step to suggest hypotheses, which then need to be tested.
Reynoldson and Bellamy ( In another study (Williams and Batzli 1979b), we followed a natural experiment in which the dominant member of the guild (Redheaded Woodpecker) was absent during one winter but present in the next. When these woodpeckers occupied our upland study areas during winter, Red-bellied Woodpeckers used lowland areas where Red-headed Woodpeckers were much less abundant. When Red-headed Woodpeckers vacated our upland study areas during one winter because of a mast failure, Red-bellied Woodpeckers freely foraged over our entire upland study site. Similarly, in winters with Red-headed Woodpeckers present, we found Downy Woodpeckers foraging low in the canopy, but in winters when Red-headed Woodpeckers were absent, Downy Woodpeckers tended to forage higher. Here we report the results of a controlled experiment designed to test the following hypotheses generated from these earlier studies: ( 1) The aggressive actions of Red-headed Woodpeckers prevent Red-bellied Woodpeckers from using upland habitat during the winter. (2) Red-headed Woodpeckers constrain Downy Woodpeckers to forage lower in the canopy in upland areas. (3) Redheaded Woodpeckers also prevent Whitebreasted Nuthatches from using some upland habitat.
THE BIRDS
The Red-headed Woodpecker is the only interspecifically territorial species of the guild during winter. In the fall, these birds bring acorns, corn, and often seeds to their territories (0.2-0.8 ha), pound them into pieces at "anvil" sites, and place them in natural crevices in and under bark. These caches are aggressively defended against competitors throughout the season.
The The Brown Creeper overwinters in the contiguous 48 states and migrates northward to breed. It usually forages on large tree trunks and limbs for small insects. Because this species rarely occurred on our study areas during this experiment, it is not considered further in our analysis.
STUDY AREAS AND METHODS
A patch of timber, 800 m x 300 m, situated along the Sangamon River near Mahomet, Illinois, was selected for this investigation.
Because this wood contains two rather similar upland areas separated by a lowland floodplain (Fig. 1 ) , it presented an opportunity for experimentation.
For both study areas, frequency, density, and basal area of trees were determined by the point-center-quarter technique as suggested by Cottam et al. ( 1953 ) .
The southern upland area (5.9 ha), "Monen upland," was dominated by white, black, and red oak (Table 1) . Black and red oaks were the largest trees in the stand, with an average basal area per tree of 0.52 m". Elms, ash, black cherry, sassafras, hackberry, and redbud trees composed the understory. Our second study site, "Hart upland" (9.6 ha), lay in the northern part of the woods and was also dominated by white, black, and red oaks. Williams ( 1977) included a more detailed analysis of this area.
Vertical structure was measured, using a modification of the technique described by Emlen ( 196' 7), during December when foliage was absent. At each point on a 25 x 25 m grid, a circular tube (30 cm long, 4 cm in diameter) was used to view limbs and branches along a path perpendicular to the ground. Presence or absence of each limb size category was scored for each height interval as viewed through the tube. Height intervals were determined by a forester' s altimeter. The vertical structures of the study areas were similar ( Fig. 2 ) .
Because some birds, especially Downy Woodpeckers, sometimes foraged on fallen logs, lengths and diameters for logs greater than 5 cm in diameter were measured in 10 randomly chosen 25-m' quadrats in order to assess their availability.
Results were similar for Hart and Monen ( We estimated height visually for each bird, often using a forester' s altimeter for birds at higher levels. For estimating limb diameters we used the size of the bird being observed as a reference.
Niche breadths (Bi), or tendencies to specialize along a particular resource dimension, were calculated using Levin' s ( and their home ranges were mapped (Fig. 1) .
Red-headed Woodpeckers occupied the higher zones in both Hart (x2 = 117.0, P < 0.005) and Monen woods (x" = 89.0, P < 0.005), whereas, Downy Woodpeckers concentrated in the lower zones (Fig. 3) . Both species preferred oak trees and live substrate, but Downy Woodpeckers used smaller branches and drilled and probed more than Red-headed Woodpeckers. We found two significant differences between birds in Monen and Hart. White oaks and dead trees were used more often in Monen by both Red-headed Woodpeckers (x2 = 53.2, P < 0.005) and Downy Woodpeckers (x2 = 30.3, P < O.OOS), apparently because more were available there. In all other respects, foraging behavior was similar in both woods.
AFTER MANIPULATION
After Red-headed Woodpeckers had been removed, the marked pair of Red-bellied Woodpeckers which had previously inhabited the lowland now occupied all of Monen upland (Fig. 4) Species differed from the availability index and from each other in their use of trees on the two areas after manipulation (Table 2) . Red-bellied Woodpeckers and Nuthatches in the experimental area and Red-headed Woodpeckers in the control area used oaks. Downy Woodpeckers searched white oak trees for food more in the experimental area. The following winter in Monen, Red-bellied Woodpeckers foraged in black and red oaks as well as white oaks; Downy Woodpeckers and White-breasted Nuthatches once again concentrated on white oak.
Upper portions of the canopy were occupied by Red-headed Woodpeckers in Hart, and by Red-bellied Woodpeckers and nuthatches in Monen (Fig. 3) . Downy Woodpeckers in the experimental area used higher stations than in the control area where they made greater use of understory trees (x2 = 572.9, P < 0.005). We obtained consistent results when Red-headed Woodpeckers naturally vacated Monen the following winter.
All species, except for Red-headed and Redbellied woodpeckers during 1975 (x2 = 0.21, P > 0.05), used live and dead substrates differently (Table 3) . Nuthatches foraged on living trees more than did the other species. In 1976 Red-bellied Woodpeckers used dead substrate more than the previous year. Red-headed Woodpeckers in Hart, and Red-bellied Woodpeckers and White-breasted Nuthatches in Monen, used limb categories in about the same proportions (Fig. 3) . Downy Woodpeckers favored smaller limbs in both areas (Monen x2 = 187.7, P < 0.005; Hart x 2 = 207.3, P < 0.005). Trends were similar for the following winter.
A comparison of niche breadths along the five dimensions for each species showed that White-breasted Nuthatches were the most specialized in Monen for both winters (Table  4) . Downy Woodpeckers, overall generalists Whether niche breadths of subordinate species should increase or decrease in the presence of dominants can be considered with the use of a graphic model (Fig. 6) . Resource states along one dimension are ranked according to their value, a function of benefit/cost ratios. The proportion of observations of the species for each resource state are graphed so that the area under each curve equals one. Wider, lower curves represent greater niche breadth along the dimension shown. By definition, a species will take resources from more valuable states first, and, in the absence of competitors, curves of resource utilization will decrease monotonically.
In this situation, niche breadth of a species without competitors will depend upon population density.
If the population is not limited by the resource in question (otherlimited, OL), it will specialize on the more valuable resource states. When limited by the resource, it will utilize all profitable states and the niche will be broader (Fig. 6A) . Now suppose a dominant competitor monopolizes the most valuable resource states (Fig. 6B) .
Immediately after invasion, a subordinate species that is not limited by resources along the dimension OL will shift to less valuable resource states and also broaden its use of states to acquire the same quantity of resources (density remains unchanged). The niche of a resource-limited species (RL) must become narrower because it cannot expand to new resource states; this portion of its fundamental niche is already occupied. Hence, density-dependent mortality will increase, and the population will decline.
When the dominant is removed, both species types (OL and RL) will initially decrease their niche breadths; the species that is other-limited will assume its previous breadth, an d since the density of the RL species has decreased, the niche of the other-limited form will be narrower than before. Only after reproduction or immigration will the resource-limited species reoccupy the entire niche dimension.
We therefore conclude that the response of a subordinate species to the presence or absence of a dominant competitor is not predictable without an intimate knowledge of the critical resource dimensions and how the species exploit them.
The expansion of Red-bellied Woodpeckers and White-breasted Nuthatches into upland habitats may represent an increase in their niche breadth, suggesting that their populations were limited by space. Yet, these birds could have decreased their niche breadth along the food dimension by concentrating on the caches of Red-headed Woodpeckers. On the other hand, the high niche breadth of Downy Woodpeckers along height, tree species, and limb diameter in the presence of Red-headed Woodpeckers suggests that Downy Woodpeckers were forced to forage in less productive areas over a larger array of foraging sites in order to obtain enough food and that their population was not limited along these dimensions.
Our model and data also show that even if two species overlap little along one dimension, they may still compete strongly. If they are not seen to damage one another directly, the only way then to demonstrate the existence of competition is to compare in a quantitative manner the realized and fundamental niches of suspected competitors. We removed the Red-headed Woodpeckers from a 5.9-ha woodlot and observed the response of other guild members.
SUMMARY

Red-bellied
Woodpeckers and nuthatches, which had previously been excluded by Red-headed Woodpeckers, entered the experimental area but not the control area where Red-headed Woodpeckers remained. Downy Woodpeckers foraged higher in the trees than they had previously in the experimental area, and higher than in the control area. During the following winter, when Red-headed Woodpeckers were absent, subordinate species used the experimental area in a similar manner.
A graphic model was developed to explore the relationships among competition, niche breadth, and population density. Our analysis suggested that subordinates shouId broaden resource exploitation when a dominant species is added to the community if the population is not limited along that particular resource dimension. In contrast, if the population is limited along that dimension, the subordinate species should decrease its niche breadth. Our data showed both trends: Red-bellied Woodpeckers were restricted in horizontal space in the presence of Red-headed Woodpeckers, but Downy Woodpeckers increased their niche breadth along several dimensions.
